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South Korean elementary schools mainly focus on increasing students’ proficiency in
subjects related to science and engineering, while early education in design is ignored
entirely. As a result, the concept of design and its value have become unpopular
among the general public. Creative, young students are not exposed to environments
that use design to develop problem solving approaches to improve integrated
creativity. The present study demonstrates the design of a toolkit for teaching
elementary school students the design process. The purpose of the proposed toolkit
is to help students learn the concept of design with in-class problem-solving activities
that can improve integrated creative thinking. We conducted a problem-solving
activity with elementary school students based on the existing creative thinking
models we incorporated in our proposed toolkit. Initially, we found that the proposed
toolkit’s instructions were too complicated for the students to understand the context
of the activity, and the entire process was observed as difficult. Based on our initial
experiment, we revised the toolkit to minimize the difficulties students faced. We
hope that the proposed toolkit will allow students to experience a problem-solving
design process to enhance their integrated creative thinking.
toolkit; elementary school students; design process; integrated creativity
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Introduction

Design is conceiving and providing form to artefacts that solve design problems (Ulrich, 2011).
However, the definition of term ‘design’ remains controversial. In most cases, people get confused
when it comes to separating design from art, because design’s aesthetic component is often overemphasized. Thus, design is expressed as a field of aesthetic rather than a discipline for analysing
and solving problems creatively (Kim & Kang, 2012). While aesthetic efforts may improve creativity,
they also have the potential to develop biased creative thinking devoid of the essence of integrative
thinking. Actually, creativity is the ability to produce work that is both novel (i.e., original, an
unexpected) and appropriate (i.e., useful, adaptive to task constraints) (Lubart, 1994). This requires
integrative thinking ability, which enables one to not only to produce a novel idea, but to
This work is licensed under a Creative Commons Attribution-NonCommercial-Share Alike
4.0 International License.
https://creativecommons.org/licenses/by-nc-sa/4.0/

appropriately apply the idea. The type of creativity our society really needs would contribute to
society’s development by leading new scientific findings, new movements in art, new inventions,
and new social programs (Sternberg & Lubart, 1999). However, creativity education constrained to a
specific subject can hardly support the type of creativity we need. Design education integrated as a
part of a single subject such as art, cannot teach both the essence of design and creativity.
Typically, South Korean schools teach design-related knowledge in the subjects of art, technology,
and household management. Few teachers have a background in design (Gye- Won and Soo-Bong,
2008). The majority of teachers do not understand the concept of design or the design process,
which has created confusion between design and art. Thus, design is generally regarded as the
process of making something appealing. Design’s problem-solving component, however, a
component that requires interdisciplinary knowledge, is different from art work. Moreover, teaching
fragmented parts of design under the respective names of art, technology, and household
management, results in the failure of genuine design education. Unfortunately, the aforementioned
subjects completely ignore the problem-solving process.
In Korea, practical art is another design-based subject that emphasizes aesthetic effort while
considering more functional aspects such as the field of engineering (Jung Jin, 2008). The problem
with this subject is its lack of explanation about the concept of design.
Subjects of design are taught differently in the elementary schools of the United Kingdom, and South
Korea. United Kingdom elementary schools teach subjects such as ‘Design & Engineering’ and ‘Art &
Design’ in their regular coursework (Yeoun-Suck, 2005). Yet, a majority of countries’ elementary
schools do not provide adequate design education due to a lack of consciousness regarding the
concept and understanding of the importance of design. In fact, early design education is an
interesting subject to many people as it emphasizes creativity in educational curriculum. In South
Korea, however, there is a little understanding about the importance of design education and few
educational contents and textbooks have been developed (Hyun, 2014). This is a big issue as design
plays an integral role in a variety of areas, but the foundations of design education have yet to be
fully developed in the context of early education.
Design education fostering a design approach to thinking is important for children. Design is
generally an analytic and creative process type of thinking which engages an individual in
opportunities to experience, create and shape models, gather feedback, and redesign (Razzouk and
Shute, 2012). As such, designers become capable of assessing the conditions of a given situation, and
quickly adjust their actions according to the set of needs (Stempfle and Badke-Schaube, 2002).
Similarly, design thinking can prepare young students to deal with difficult situations and enable
them to solve complex problems.
In order to bring early design education into schools, there needs to be activities that help teachers
and students alike to understand the concept of design by improving creativity through problemsolving practice. To this end, we developed a toolkit that helps teachers and young students learn
the concept of design through an in class problem-solving activity. To demonstrate this toolkit’s
efficiency in cultivating knowledge about the design process, and creativity we arranged an
experiment with South Korean elementary school students. Subsequently, we arranged a qualitative
study with the students, which helped us to make revisions to the toolkit accordingly. Our study
shows the development process of the toolkit, which includes important insights from the
experiment, and subsequent interviews with the students and teachers.

2

Creativity in problem solving

When solving a design problem, we begin by collecting information. Questions at this stage include:
‘does information directly related to the design problem help us to produce a creative solution?’
and, ‘would considering the design problem from a different perspective with information irrelevant
to the design problem lead to creative solutions?’ Based on our experience, we believe that
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creativity is relevant as it enables us to view the design problem from a different perspective. We
conducted our study based on this assumption.
Previous research and cases support our assumption. According to Norman and Verganti (2014), the
use of a human-cantered design approach engaging various user research methods to collect
problem-relevant information renders innovation impossible. They argue that human-cantered
design approach produces only incremental innovation, while radical innovation is achieved by
adopting new technology or imposing new meaning to the design process (Norman & Verganti,
2014). Here, new technology and meaning are not directly related to the design problem. This
implies the possibility of producing innovative ideas by applying irrelevant information, rather than
systematically analysed information, to the design problem. A bladeless fan known as the ‘Dyson
fan’, and ‘Juicy Salif’ design by Phillps Starck, serve as representative examples. The former adopted
a scientific principle that had never utilized in electric fans, and the latter is a sculptural product that
imposed a new meaning of an artistic object. Another example can be found in our everyday life. An
innovative invention, known to us as ‘Velcro’, is the brainchild of Swiss engineer Georges de Mestral,
who adapted the clinging phenomenon of burrs to a new invention. (Suddath, 2010). These
examples are very interesting to design researchers investigating creativity methods, because they
demonstrate that creativity is achieved by connecting seemingly irrelevant information to vaguely
defined design problem.
It is not easy to for us to generate a solution immediately confronted with a design problem.
Designers first try to understand the problem based on their knowledge and past experience. Upon
achieving an adequate understanding of the problem, they proceed to build cognitive connections
between the problem and their knowledge; this is called schema (DiMaggio, 1997). When a problem
is complex and/or vague, a designer should spend more time organizing his knowledge around the
problem. He/she tries, as much as possible, to build connections to his own knowledge, effectively
trapping him/her as it reduces creative capability to generate a solution. When fresh information
comes to mind, he suddenly begins to understand the problem in the context of a clear solution. This
phenomenon is called ‘mental reorganization’ led by ‘mode of attack’ (Lawson, 2006).
The way designers practice their work explains these theories well. Designers usually deal with new
design problems because they are always given new design projects. They often gather information
that is not directly related to the design problem in order to generate unique, novel ideas. For
example, when designers design a product, they collect various reference images from variety of
domains regardless of their relevance to the problem. While doing this, they draw out design
elements, features, structure, and so on, to apply to their new design (Baxter, 1995). The designers’
reliance upon information that is not directly related to the problem at hand can be described as
intentional mental reorganization.
Taken together, the manifestation of creativity seems to occur by viewing and interpreting design
problems from different perspectives. Thus, it is worthwhile to test how information, irrelevant to a
design problem, helps children to see the design problem from a new perspective.

3
3.1

Research Approach
Toolkit design framework

South Korean schools typically use a teaching guide document for each subject in an academic term.
These guides contain information about the entire process, specific activities, necessary tools, and
rules for creative activities (Hyung Kyu et al., 2012). We utilized this type of document as a reference
point as we developed our own toolkit. We simplified the main contents of the documents to three
factors per classroom activity. These factors are (a) design process for an activity that provides the
design’s concept, (b) activity per process, and (c) overall activity rules. With these factors in mind,
we first created an education activity process using the IDEO process (Bandyopadhyay et al., 2013)
because it is simple and easy to understand compared to other design processes. To describing the
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activities required by each process, we used creativity theory from the studies of Laxton (1969) and
Lawson (2006) to help students develop fresh ideas during the process. Subsequently, we used
group activity because it is more effective to share cognitive viewpoints in problem-solving activities
compared to individual work (Hanham and McCormick, 2009). Finally, we made rules that apply to
all educational group activities, and decided which activities were required for the following stages:
process, creative way, and whole rule (see Figure 1).

Figure 1 Blueprint for the Framework

3.1.1 (a) Design Process for activity
In order to teach the concept of design, and create a design process that helps students conduct
their respective term projects, it is crucial to decide which design process to use. Although design
processes differ in practice according to design context, the overall process is very similar. A generic
design process is composed of defining a problem, understanding the user and design space,
ideation, prototyping, and testing (Plattner, Meinel, & Weinberg, 2009). We selected the IDEO
design process model as a framework (see Figure 2) for this study, as it is the basic version of design
process thinking proposed for a general public unfamiliar with design process (Bandyopadhyay et al.,
2013). The process model itself does not give instruction on what should be done in every step.
However, when combined with step-by-step methods and activities, it can be used as an effective
process structure. Indeed, it is well known that IDEO utilizes this process in a systematic approach
(Kelly, 2002). For this reason, our study used the IDEO process model as a basic framework for
children’s educational toolkits.
The IDEO design process model divides the whole design process into three parts: hear, create, and
deliver. ‘Hear’ is defined as discovering problems. ‘Create’ is to solve problems, and ‘deliver’ is to
propose solutions. The problems can be discovered using observation through a series of in-depth
interviews. The problem-solving parts can be initiated using creative methods such as brainstorming,
or even observing activities. Finally, the outcomes are shaped by a prototype containing a final
solution, which can be evaluated later on. In summary, these steps comprised the main process
skeleton for our mini design project for elementary school students.

Figure 2 IDEO human centred design toolkit. Source: Bandyopadhyay et al., 2013
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3.1.2 (b) Activity per process
Activities are crucial to each process. This section describes the activities in each step of the process,
which were adopted by our proposed toolkit. Ulrich (2011) describes the stage of problem finding as
opportunity identification with a charter. At this stage, students must collect multiple problems with
a charter in order to determine the appropriate one. The process of opportunity identification is
divided into three parts: (1) making a charter, (2) finding multiple opportunities, and (3) selection.
There are many methods of finding opportunities including following one’s personal passions,
compiling bug lists, studying individuals, and mining sources (Ulrich, 2011). Considering the
limitations of classroom activity time, we adopted compiling bug lists for our study. In this collection
method, participants find opportunities by listing the troublesome or uncomfortable things they
perceive in everyday life. Consequently, we set a charter ‘to improve the classroom settings’ by
solving the problems perceived by students.
The problem-solving step certainly requires creative thinking. However, most students are unfamiliar
with generating new ideas. In order to overcome this, we implemented Laxton’s hydro-electro
theory (Laxton, 1969), and Lawson’s creative thinking principles (Lawson, 2006). Laxton (1969)
explained that creative ideas come from reservoir of knowledge and experiences. If people are
equipped with an abundance of background information, they are often able to initiate or express
new ideas. Additionally, these people can access the new idea from a generator, and critically
evaluate by means of a transformer. Lawson (2006) describes mental re-organization as a situation
achieved by applying various mental modes of attack. These models represent two critical factors in
creative idea generation: requisite knowledge, and triggering points to re-organize knowledge.
However, when students don’t have enough knowledge to initiate a new idea, they are hardly
capable of generating creative ideas. Thus, in the creativity process, it is critical to determine how to
help students trigger their mental re-organization by filling their knowledge reservoir.
In product design, a design solution direction is usually determined by how the product works
(function concept) and how it looks (style concepts) (Baxter, 1995). In practice, industrial designers
commonly use mood boards to come up with new ideas. In our proposed toolkit, we adopted style
and function cards to fill knowledge reservoirs abundantly, with the assistance of external
information. To apply the concept of ‘mental mode of attack’ to trigger new idea generations, we
employed two methods: taking pictures irrelevant to the problem, and rearranging cards. We
expected that this intervention would stimulate participants to interpret the design problem from a
different perspective.
Finally, we provided a white board for the students to present solutions on. As with the IDEO
process, a 3D prototype was made and evaluated. In this study, we modified this step on the
accounts of time limitations, and the participants’ inexperience in 3D prototyping.

3.1.3 (c) Overall activity rules
In Shepard’s study (1991), the contents of design are classified as aesthetic and symbolic expression,
and practical and functional attributes as well as social and emotional attitude. Social and emotional
attitude content can be linked with the cognitive communication part of the design process. Based
on this assumption, we conducted group activities in which students were able to interact with their
classmates and teachers. Teachers could efficiently manage the activities within the given time, and
present detailed step-by-step activities to the groups. Students were able to share their opinions
easily. It is more effective when the students’ interaction with one another is positive and
constructive (Salonen, Vauras, & Efklides, 2005). Such interaction also relates to teachers when
students are given full attention. Thus, paying attention to students is crucial for conducting
classroom activities. A student who gets a lot of attention feels confident in the classroom activities
(Yeoun-Suck, 2005). Children rarely spend much time considering and evaluating information, and
ideas are often only partially expressed when there is no teacher to direct group activity (Mercer,
1996). Thus, we made rules for the teacher to use in each step. We incorporated rules allowing
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teachers to ask students about their work, and enabled them to concentrate on each student during
the activity.
There have been confounding effects, such as competition between groups, which may have caused
conflicts between students (sub, 2009). We used cooperative learning skills to solve such conflicts,
thus forming neutral groups. Cooperative learning uses small groups, where students work together
to maximize their own learning skills (Johnson, 1992). Therefore, we kept groups to a maximum of
four students.

3.2

The role of instructor in creativity process

The instructor has an important role in creativity process education. First, we must help instructors
gain a better understanding of design. Since most school teachers do not come from a background in
design, they do not have an adequate understanding of it. Accordingly, we added an explanation
about the concept and importance of design to our toolkit’s introduction. It is difficult for children
who are unaccustomed to creative thinking to interpret and solve problems from fresh perspectives
outside of natural, logical viewpoints. Thus, we adopted intentional interruptions using irrelevant
objects to change the course of participants’ natural cognitive process’. The instructor guided the
children to select an object devoid of any logical connection to the problem. After the children
selected an object, the instructor asked them to analyse its characteristics. This helped the children
to acquire new information about the object, and filled their respective knowledge reservoirs with
new information. When they go back to the problem, this new information triggers new
interpretations of the problem, leading to a creative solution. However, it is not easy to connect the
problem to the information acquired from the object. This requires an instructor’s guidance based
on an accurate understanding of the purpose of our experiment. For this experiment, we used cards
to accelerate the process. By exchanging cards or putting a new card on the white board, children
received help generating new ideas. As children played with the cards, the instructor helped them to
initiate creative ideas through new interpretations of the problem. The instructor also managed the
overall process to ensure that children did not get lost in the creative process.

3.3

Components of the Toolkit

The objective of the proposed toolkit is not only to engage students in the activities, but also to help
teachers understand design process. It consists of an instruction manual, and tools. The manual has
three sections: (a) an introduction, (b) components, and (c) activity guide.

3.3.1 (a) Introduction
This section provides the teachers with explanations about the concept of design, design process,
and the toolkit’s purpose. It also provides information about the difference between design and
other subjects, such as art and engineering.

3.3.2 (b) Components
This part includes graphical and object-based explanations regarding the tools, and different types of
cards utilized for analysing the problem and synthesizing solutions. They consist of problem, red,
blue and yellow cards. The kit also includes a camera, white boards, markers, tapes, and scissors that
teacher uses to prepare for the activities.

3.3.3 (c) Activity guide
This part includes an instruction manual that demonstrates detailed activity processes for each step.
It is comprised of four sub-sections: grouping, defining problem, ideation, and explanation. Each subsection contains graphics relating to its topic. Precautions are written in red letters. The explanations
of the sub-sections are as follows:
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3.3.4 Grouping
The teacher forms groups with a maximum of four students per group. Teachers are advised to
consider mixing genders in groups to increase opportunities for generating a variety of ideas.

3.3.5 Defining problem
At the beginning, students should identify problems to solve. First, the teacher notes the charter and
asks the students ‘what problems do you observe in the classroom?’ (see Figure 3). Subsequently,
the students write down three different problems on three separate problem cards. To help
students identify problems, the teacher guides students in utilizing the method of compiling bug
lists. In this step, groups of students are encouraged to freely speak about classroom problems. After
that, students put the problem cards on the white board, and select an appropriate problem. Each
student is asked to put stickers on their choices of the three biggest problems. The problem with the
most number of stickers is selected. In this process, students are not allowed to speak out their
opinions. The purpose is to prevent a particular student from influencing the other students’
decisions.

(The class is boring, I can be hurt by edge of desks, I can’t be bothered with cleaning the classroom)
Figure 3 Writing problems on the problem cards

3.3.6 Ideation
Students are allowed to use any object that is not related to the problem (see Figure 4). Our
intention was to help students interpret the problem from a different perspective, so we allowed
children to select an object freely, regardless of the object’s association to the problem. With this
process, students are able to gain an understanding of how they can solve the problem differently.
Meanwhile, the teacher must encourage the students’ productivity. For example, if students face
difficulties in choosing one, the teacher encourages them to choose any object in the classroom.
Each group is allowed to take a picture of an object, print it out, and put it at the centre of the
whiteboard.

Figure 4 Taking pictures of the objects that the students want to transform

Subsequently, each group observes an object and describes its characteristics on blue and red cards
to induce a mental mode of attack. Students write and draw instructions on how to use the object
on red cards, and what it looks like on blue cards (see Figure 5).
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Figure 5 Red and blue cards (left: drag, right: rectangular shape)

Afterwards, students categorize the cards based on contents’ similarity, place them on the white
board, and make connections between each group and a related part of the object (see Figure 6).

Figure 6 Making connections with groups of cards

In the last stage, students are asked to use the cards to help solve the problem. When they come up
with a new idea, they draw it on a yellow card and put it on the board. Students are encouraged to
move cards freely from one group to another while continuously creating better, more novel
solutions. They also add or remove cards to make room for new objects to solve the problem. New
solutions can be added to the yellow cards (see Figure 7).

Figure 7 Objects re-arrangement with cards

3.3.7 Explanation
The explanation section allows students to express their complete ideas on ‘how to use’ and ‘how it
looks’. Students use the cards and the links on the board to explain how they solved the problem,
and how their solution works.

3.4

Experimental procedure and qualitative study

Basically, the proposed toolkit was designed to teach the process of creative problem, and solving it
in the context of a classroom activity. If we directly test it in an environment where group dynamics
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are an issue, it would be difficult to observe the effectiveness of the tools and methods we devised.
Thus, in this study, we tested it with an individual activity scenario first, to check if the tools and
methods work properly.
We recruited three local elementary students (one female and two males ages eight to eleven years
of age) for the experiment. Three teachers were assigned, each to a separate student. In order to
control the effect of group dynamics, the experiment was conducted at the homes of respective
participants. The experiment time was one hour, which is basically the length of an average
classroom period.
During the experiment, a charter was shown to the participants with the objective ‘what are the
difficulties in your house life?’ Teachers were given a toolkit containing instructions for the entire
process. The activity was initiated when the teachers fully understood the contents of the activity. At
the end of the activity we collected all materials including pictures of the final outcome. Participants
and teachers were all interviewed about their experiences. The details of the experiment and the
interviews are presented in the following section.

3.4.1 Experiment outcomes
The detail of the final work of each participant is presented in Table 1.
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Table 1 Experiment outcomes and problem identification
Participan Problem identified
Object
Red cards/blue cards
t
selected
A

B

C

Trouble with the
table as it is quite
close to the wall

Sneakers/heel drag

Making a home for
Beetles and Larva

Table

Sneakers

Container

•

Study, eat food,
interaction point,
people set around,
play the game

•

Hard, rectangle
shaped, made of
wood, big, yellowish

•

Notice the size of
foot

•

Easy to be torn,
protection of foot,
prevent heel drag
when walking on a
sharp surface

•

Round, long, strings,
bunch of holes

•

Maintain insect
breathing, outside
view

•

Rectangle, hard, no
colour, cover, holes

Solution
Participant A put two
rectangular shapes to form
‘L’ shape to create a free
space.

Participant B failed to
draw or express the
solution

Participant C made a
partition with a hard
rectangle with holes

Graphical representation of the problems and solutions proposed by participants A and B are shown
in Figure 8 below as examples.

Figure 8 Examples of final outcomes

3.4.2 Subsequent Interviews and comments
To explore improvement points of the toolkit and the activity, we conducted interviews consisting of
three questions with the teachers and the students. The interview data was transcribed and
analysed qualitatively. The responses of each question and the insights are summarized below:
Question 1: Do you think the activity performed by the students help improve their creative skills?
The interviewees were positive about the activity. They agreed that such activities would be
beneficial in a classroom setting to help students improve their creativity. They agreed that the
approach is interesting and could also help the students who are always silent and isolated in the
classroom. They believed that the group activities would be interesting for students.
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Question 2: What is your personal opinion about design education and what design deals with?
They noticed that design may solve latent or complex problems. They added that design education is
needed in school, and that education material should be simple and doable since students are not
fully exposed to the outside world.
Question 3: Have you faced any difficulties to run the activity and the instructions presented in the
guide?
The interviewees found that the process of ideation is complicated. Two of them stated that they
didn’t fully understand why they were asked to choose objects that were not related to problem
settings. An interviewee’s notes:
‘Ideation in the design process is too complicated. I didn’t understand how I could make
a new object with the features of the object that was previously shown’.
We interviewed the students about the activity, and the difficulties they faced throughout.
Participant B stated that he was not able to concentrate on the activity for long. Others found
difficulties using different tools. For example, when they were asked to use the two types of cards
(red and blue) to write ‘how to use’ and ‘how it looks’, they couldn’t easily figure out which card
they should use. Moreover, we found that they had difficulties in understanding how to apply the
red and blue cards to the features of an object to create something new. For example, the purpose
of one activity was to change the cards freely in order to come up with new ideas for replacing its
existing functions and features. We demonstrated how to replace features by adding or removing
the cards by drawing replaceable features such as wheels in place of legs of a chair. However, they
didn’t follow the process, and tried to find solution directly instead. It seems that first, the process
was complicated, and second, students jumped to the solution drawing step directly, without taking
time to complete the process. They also faced difficulties when finding an object to solve the
problem. They chose the object as the direct cause of the problem, which could not be used as a
triggering effect as we had aimed. This is because they did not fully understand how to choose the
object they had to use for solving the problem.
After analysing the students’ final work, we noticed that the teachers’ role is crucial, as it affects the
students’ ability to understand the instruction. Therefore, teachers should have sufficient knowledge
about the design process. We revised the toolkit based on information observed during the activity,
and subsequent interviews. These revisions are as follows:
•

•
•
•
•
•

Instructors did not understand why students are told to pick an object which seems to have
no rational relationship to the problem. Also, they had difficulties understanding the reason
for writing/drawing an object’s features. From these points, we can determine that the
supplementary explanations for each step of the process were not sufficient.
Compared to demonstration, written instruction has a limited capacity of demonstrating
activities and their flow.
The design process takes a long time, so this toolkit cannot be used for short classes. This
causes decreasing the level of concentration as time goes on.
There are too many functional cards for each process, which makes it difficult for students to
remember how to correctly use the cards in the activity.
It is difficult for students to come up with an idea that changes parts by applying feature and
function analysis with red and blue cards.
The step to find an object for solving the problem cannot be used a triggering point because
students tried to select one directly related to the problem.
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3.5

Revised toolkit

The toolkit was revised by adding the purpose of each step to the role of the specific activities. This
will enable instructors to better understand the flow of the activity. A tutorial video was also added
to supplement written instructions.
In the revised toolkit, we minimized ideation steps by removing the components of taking photos
and analysing an object’s features. We also reduced the types of cards and changed the cards’
function from analysing features to generating ideas. We removed the step of analysing an object’s
features, and added a variety of ways to transform an object to help children create solutions from
unexpected objects. In this experiment, children selected an object related to the problem. As a
result, children failed to view the problem from a new perspective. Thus, in the new version of the
toolkit, we intentionally guide the children to select objects that are irrelevant to the problem. Thus,
children are forced to view the problem with knowledge acquired by analysing the object. This
breaks children’s natural cognitive process, leading them to make connections between the
irrelevant information and the problem. We expect that through this process, children will
experience mental reorganization. Therefore, we fixed the objects so that participants have little
freedom to choose an object that is relevant to the problem.

3.5.1 Components of the revised toolkit
The guide was also re-designed for the revised toolkit (see Figure 9). The first part shows the
purpose of design and individual activity. The second part includes defining the problem, and the
third demonstrates the ideation step. The final part shows an explanatory step and precautions.
In the defining problem section, students are instructed to write classroom problems on the
problem cards as shown on the left side of Figure 9. The defining rule is that students should write
the problems down in the form of ‘when/what/who, and the status'. Subsequently, students should
collect cards from all group members, and choose the best one. There are four sticker sets with
three stickers in each. Each member of the group is told to vote on problem cards according to their
preference. In the ideation section, students are told to choose one or more objects of four
classroom objects: a desk, a rag, a blackboard, and a locker (see Figure 9 on left below), and put
them on the whiteboard.
In the beginning of the ideation section, the teachers instruct students about activities such as
‘transform an object’ and ‘remake version’ so that students can freely think about the required
solutions. Students are instructed to use scissors and cards to add new functions to an object, or
erase its existing functions respectively. Students alter an object’s form spontaneously with
transparent and white cards. For example, if a student wants to add an additional feature to the
object, they can draw it on a transparent card and place it over the object. White cards are used to
modify an object’s features by adding and erasing.
In the explanation section, every group should explain the solution.
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Figure 9 Components of revised toolkit

The revised toolbox with a card set including white, transparent and problem cards is shown in
Figure 10.

Figure 10 Revised toolbox for activity
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Based on our initial analysis, and the insights from subsequent interviews, we defined the following
rules for our revised toolkit:
•
•
•
•
•
•
•

4

A group should consist of 3 to 4 students.
In the ideation step, students should not intervene in each other’s’ activities.
Teachers should provide questions leading students to develop their ideas but should not
give the exact solution. For example, ‘How do we solve the problem if we cannot use the
way you assumed?’
Praise the students’ ideas to increase confidence levels.
Sequential voting is banned because students may easily consider or adopt their colleagues’
work.
Negative wording such as, ‘Your idea is not doable’, should not be used in the comments.
Teachers should walk around class for the entirety of the activity and talk to students about
their thoughts.

Discussion and Conclusions

South Korean schools mainly focus on increasing students’ skills in traditional subjects related to
science and engineering, while early design education is mostly ignored. Accordingly, the concept of
design and its value have become unpopular. Moreover, young, creative students are not exposed to
design thinking, which has the potential to improve creativity and problem-solving skills.
Consequently, future students may find dealing with complex situations to be difficult. Therefore,
design education is essential for students in their earliest years of education.
South Korean schools have started to focus on early design education. They teach various methods
of invention with examples (Jung Jin, 2008) and demonstrate how to come up with new ideas
instead of simply connecting or analysing the problem they intend to solve. However, these
approaches are still limited tools that focus on and support integrated creative thinking. With this
firmly in mind, we have designed a toolkit for teaching the design thinking process, and concept of
design. We developed a tool based on the IDEO design thought process consisting of three steps:
discovering problems, making solutions, and presenting and evaluation. To design the activities for
creating solutions, we utilized the creative thinking theories from the studies of Lawson (2006) and
Laxton (1969). These models demonstrate the need for abundant background knowledge combined
with triggering factors to come up with new ideas. In addition, we adopted group activity as a rule in
our proposed toolkit as communication throughout the design process is important to the
development of a better design education.
The main parts of our proposed toolkit consist of an instruction manual and tools. Red, blue, yellow,
and problem cards were used as tools. During the activity, students define a particular problem by
using the problem card. They select an object from the classroom, transforming it to solve a problem
they identified. In the next step, students use blue and yellow cards to analyse features of the
selected object, which serves as the solution’s triggering effect. At the end of the transformation,
students explain their final work on the whiteboard. During the experiment, and subsequent
interviews with the students and teachers, we found that students had difficulty understanding the
instructions; the process was too complicated for the students. Therefore, we revised our toolkit to
minimize the difficulties the students faced. We added a tutorial video that demonstrated details of
process to the students. We modified an activity to the problem-solving section’s main activity,
where the students select an object. In the revised toolkit, we provide four classroom objects: a
desk, a rag, a blackboard, and a locker. Moreover, we minimized the number of cards, and created a
new activity in which students use scissors and cards, to transform an object by adding new
functions, or erasing the object’s existing functions with the figure. At the end, students present
their solutions.
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This is a preliminary study to propose a method of helping children’s’ creativity processes, based on
the assumption that new interpretations triggered by irrelevant information to a design problem
lead to a process of creative problem solving. Although the revised toolkit was not tested, we hope
that it will allow elementary school students to experience the design process for solving problems
around them, thereby enhancing their creativity. Moreover, the proposed toolkit could also be
helpful for creative middle school, and high school students to utilize design thinking as a
foundation. However, these hopes could be more convincing if the proposed toolkit is deployed on
an appropriate sample of students in school group settings, and its effectiveness is confirmed.
Future study should continue to investigate the effectiveness of the proposed toolkit on students in
the classroom of an appropriate sample size. A deeper study on cognitive issues surrounding
learning process, and pedagogical approaches is also required.
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